Antiserum has been raised to a chromosomal protein fraction specific for Hela cells.
INTRODUCTION
Immunochemical techniques have been employed in the analysis of chromosomal proteins in many laboratories.
Evidence has been presented to show that groups of non-histone proteins can be injected into animals to raise antisera which are tissue specific (1) (2) (3) (4) (5) , species specific (6) (7) (8) , and tumor specific (3, 5, 10, 11) . The nature of the primary antigen has varied widely between laboratories. Some have immunised with whole chromatin (3,6/7), some with non-histone proteins which have been freed of other nuclear components (9, 10) and some with dehistonised chromatin in which the histones and the bulk of the non-histone proteins have been removed by treatment of the chromatin with solutions of high ionic strength containing urea (1,2,4,
5,8).
In the latter case, a variety of responses is obtained when dehistonised chromatin is injected into rabbits. A few respond by making anttbodies to the DNA component of the antigen and some by making antibodies to that fraction of the non-histone proteins which is highly conserved among tissues. A substantial number of animals, however, produce antiserum which can be demonstrated by both microcomplement fixation and immunocytochemical localisation to be specific for the tissue of origin of the chromatin. The serum from these animals can then be used, to attempt to identify the chromosomal localisation of the cell specific antigens.
The localisation of any specific protein or set of proteins on the superstructure of the chromosome or chromatin requires a clear view of the overall architecture or packing of DNA inside the cell nucleus. Thus, while specific nuclear non-histone proteins can be readily assigned to identifiable organelles such as the nucleolus (10), the chromocentre (12), individual chromosomes in a cross species cell hybrid (8) , or bands in a polytene chromosome (9) , those proteins which cannot be readily identified with a morphologically distinct nuclear entity are less readily assigned to a particular chromosomal location. A functional distinction which has recently become available is that of the localisation of non-histone chromosomal proteins among the "active" as opposed to "inactive" cistronic regions (13) (14) (15) (16) (17) . Selective nuclease digestion can produce an enrichment of various non-histone proteins in the supernatant of the treated chromatin while the undigested material can be demonstrated to have been depleted of the DNA which is known to be actively transcribed in any particular cell type.
Such experiments can lead to the association of these readily released nonhistone proteins with the propagation of transcription, though the view has been challenged (29) . In other cases, non-histone proteins have been It is, however, greatly enriched in the "scaffold" region of metaphase chromosomes (21) suggesting that such proteins may play a more sophisticated role in gene expression than their name implies.
METHODS
Hela cells were grown in modified eagles medium supplemented with 5% calf serum. Metaphase chromosomes were prepared according to the method of Stubblefield and Wray (22) . Dehistonised chromatin was prepared as described previously (23) and used to immunise New Zealand white rabbits as described by Chytil and Spelsberg (1) . Scaffold material was obtained essentially according to the method of Adolph et^ a_l. (21) except that the nuclease digest was fractionated on a 2.5 x 100 cm Biogel A 50 M column.
Dextran sulphate and heparin were used to dehistonise the chromosomes rather than 2.0 NaCl (21) .
Chromatin fractionation by partial DNase II digestion followed by precipitation with MgCl was by the method of Gottesfeld (13) .
The immunological reactivity of the chromatin was determined by the method of quantitative microcompleraent fixation as described by Wasserman and Levine (24) . Washed sheep red blood cells (GIBCO Diagnostics) were activated with anti-sheep red blood cell serum (Capell Laboratories).
Guinea pig serum complement (Capell) was titrated to give 1OO% cell lysis of the activated sheep red blood cells after 30 min of incubation at 37 C.
The chromatin concentration ranges were tested by incubating various chromatin dilutions 18 to at 4 C, in the presence of titrated complement, with 0.1 ml of antiserum diluted 1:200. Activated sheep red blood cells were then added and after a 30 min incubation at 37 C the extent of red cell lysis was determined spectrophotometrically at 413 nm. All the antisera used also showed positive reactivity on immuno localisation with peroxidase anti horse radish peroxidase reagent (25) when assayed on logarithmic cells grown on glass slides (Fig. 2) . It was not possible to achieve immunochemical staining of metaphase chromosomes or scaffold using this technique as the extensive washing during the immunolocalisation procedure removed all the chromosomes from the slide, and all common fixatives destroyed immunological activity. However, the metaphase material could be readily identified by conventional staining.
Trypsin digestion was carried out with 1000 units/ml of (Sigma) trypsin per mg chromatin DNA for 30 min at 37 . Trypsin inhibitor (1 mg) was then added to prevent trypsin inhibition of the complement fixation assay. The buffer was 10 mMtris, 40 mM NaCl 1 mM EDTA pH 7.5. Ribonuclease digestion (200 units/ml/mg chromatin) was carried out under the same conditions.
Gel electrophoresis of the phenol extracted DNA was carried out in 6%
polyacrylamide gels with Hae III fragments of Col El DNA as markers (30, 31) .
Protein electrophoresis was carried out by the method of Weber and Osborn (32) modified to contain urea and a 4% stacking gel to allow for protein separation in the presence of DNA (33) . The antiserum dilution was 1/200. Two animals were tested for the full range of specificity and another two for a limited range (human breast, endometrium and DNA).
Three animals showed antibody at low titre with no specificity and were not further used. strongly antigenic component of the Hela dehistonised chromatin as all the animals which were immunised produced antiserum with the same range of specificity.
The antigen is absolutely dependent on the presence of DNA for its immunoactivity ( Fig. 2) 
(26).
The results of fractionation into "active" and "inactive" chromatin are shown in Figure 3 . is not dependent on whether DNA or protein is used as an assay standard.
Microccocal nuclease digestion results in extensive precipitation
of histones and non-histone proteins. As a control experiment to test whether the digestion produced some type of aggregate which was enriched in the antigen(s) and not readily disassociated by heparin and dextran sulphate, the metaphase chromosomes were extensively sonicated. Sonication Nucleosomes, on the other hand are susceptible to digestion with ten fold There are six to eight major bands and several minor ones. All preparations consistently appeared to show a small amount of histone, even when further dehistonised and recycled through the column. This small molecular weight material may, however, be non histone protein which binds tightly to heterochromatic DNA of Hela Cells (34) . The data cannot be directly compared to other published work (21) as this entailed fluorographic analysis of methionine labelled protein, a procedure which must be expected to give banding patterns dependent on the amino acid composition. There are no detectable nucleosomal DNA fragments (Fig. 9 ). 
DISCUSSION
The production of antiserum which has specificity for Hela chromatin in contrast to chromatin from other human tissues and cell lines indicates some distinct features not observed in the Novikoff hepatoma system (11).
In the latter case the antigen can also be shown to be present in other rat tumor cells such as the Walker careinosarcoma and also in embryonic liver. The requirement for DNA may therefore reflect a simple physical requirement to be effectively solubilised so that the antigenic sites can be exposed and this seems to be the most rational explanation of the observation.
Nuclease digestion of chromatin frequently leads to the formation of We conclude that the specific antiserum produced to dehistonised Hela chromatin reacts preferentially with those proteins which are not readily digested free of their bound DNA and are located physically on, or close to, the scaffold region of metaphase chromosomes.
